RAPD markers were used to reveal the genetic diversity of the genus Camptotheca. Three primers (OPA02, OPA03, and OPA04), generating 44 polymorphic bands using randomly amplified polymorphic DNA (RAPD) markers, were able to discriminate among 25 Camptotheca populations. The band size varied from 268-4,411bp, with an average of 15 bands/primer. Of these populations, cultivars 'Katie' (KT) and 'Ang' (AG) of C. lowreyana and cultivated A1a (HJ) of C. acuminata can be easily distinguished by their unique bands. Population differentiation of Camptotheca was found to be higher than in other species with similar breeding systems. Cluster analysis of the genetic distance values and dendrogram from RAPD markers were consistent with the phenotypic data and both support the current taxonomic treatment of Camptotheca. Camptotheca acuminata var. acuminata appeared as the closest relative of C. yunnanensis, followed at some distance by C. lowreyana and, further away, C. acuminata var. tenuifolia.
INTRODUCTION
Camptotheca trees grow fast and many parts of the trees can be used to extract drug camptothecins (CPTs) [1] . However, there are several major problems with the development of Camptotheca as a drug resource. First, the genus is in endangered status in its natural range and may be nearing extinction in the immediate future. Second, the gene pool of Camptotheca in the USA is extremely small [2] . Selfing is often the only breeding system for these plants and the offspring are normally of low quality. Also, cold-hardiness and drought-tolerance are two major problems in plantation development in the southeastern USA. However, the present genetic resource base of Camptotheca in the USA is too small to select frost-and drought-tolerant and high-CPTyield genotypes.
Camptotheca is a Tertiary relict genus. Fossils of the genus were recorded in several locations in Japan from the Tertiary period [3, 4] , and relatives of Camptotheca were recently reported in Paleocene floras of the Rocky Mountains and Great Plains in North America [5] . At present, the genus is naturally restricted to southern China. All three extant species of Camptotheca are in endangered status under natural conditions and may be nearing extinction in the immediate future [1] . resources in these countries. However, the genetic base for plantation resources outside China is too narrow and small in number to allow selection of an ecotype for cold-tolerance, drought-resistance, or high biomass/drug production. In the United States, for example, C. acuminata was successfully introduced in 1934 and today has only about 20,000 seedlings largely in California, Hawaii, Louisiana, South Carolina, and Texas. However, most of these trees are traceable to two mature trees in Chico, California that germinated from seeds imported from southern China in 1934 ( Fig. 1) . Thus, relatedness is common within plantation populations due to this limited seed source. Selfing is often the only breeding system for these plants and the offspring are normally of low quality. Solutions to these genetic and adaptability problems are largely dependent on the expansion of the genetic base in China. However, to date little data are available on current resources in China. In fact, such a survey for Camptotheca does not exist.
Camptotheca is polygamo-monoecious. The stamens are shed nearly one week before the stigma of the same flower becomes receptive; this protandry leads to cross-pollination as the major breeding system in Camptotheca [2, 6] . Pollination of Camptotheca is obligately entomophilous, and fruit production depends on the activities of pollinating insects [6] . It is relatively easy to reproduce seedlings by seed, a common propagation method in Camptotheca. Heating and stratification may increase the germination rates of seeds [7] [8] [9] [10] .
Camptotheca has great coppice ability and can be propagated vegetatively. Propagation by shoot and leaf cuttings has been studied at SFA and several other universities and nurseries. Micropropogation of C. acuminata by shoot bud, shoot tips, seed embryos, and cotyledon tissue culture has been studied at several universities [11, 12] . It is important to understand the genetic structure of a population or species for conservation and management strategies. Traditionally, genetic resources have been characterized by a combination of morphological and agronomic traits [13] . In forest management, provenance or geographical variation is often considered as an accurate predictor of the diversity spectrum within a species. This approach has been challenged by many recent studies [13] . Isozymes have been used extensively to monitor genetic diversity for plant species since the 1970s. Since the late 1980s, many authors have used restriction-site diversity to infer population genetic structure [14] . Restriction fragment length polymorphisms (RFLP) are the most frequently used type of DNA marker. RFLP analysis requires large quantities of relatively pure DNA and species-specific DNA probes, and is also labor intensive. Polymerase chain reaction (PCR) development revolutionized DNA analysis [15] . However, the PCR procedure requires DNA-sequence information.
A couple of decades ago, Williams et al., and Welsh and McClelland developed a novel RAPD (randomly amplified polymorphic DNA) technique for identification of polymorphism in plants based on PCR, which does not require prior DNA sequence information [16, 17] . This technique has provided a powerful tool for the investigation of genetic variation. The RAPD procedure is simpler and less costly than other DNA marker methodologies and requires very small amounts of DNA. RAPD markers have been successfully used in identification and classification of plants, e.g., crops [16, [18] [19] [20] [21] , ornamental species [22] [23] [24] [25] [26] , rare species [27] , forage species [28] , and nitrogen-fixing species [29] . These studies have shown that inbred plants usually have extensive RAPD divergence among, but little variation within, species or populations. In contrast, outcrossing plants have considerable RAPD variation within species or populations [27, 28] . The RAPD markers will provide an important means to identify the species/clones of Camptotheca, particularly in the early stages of plant development, since it is difficult to distinguish the species/varieties prior to leaf formation.
MATERIALS AND METHODS

Experimental Plants
The experimental Camptotheca plants for DNA and CPT analysis, including 25 populations, were grown in 2 gallon pots in a greenhouse in Nacogdoches, Texas, USA ( Table 1) . 
Genetic Diversity
The genomic DNA profiles were revealed by randomly amplified polymorphic DNA (RAPD) analysis [16] . The RAPD analysis was conducted according to variation of RAPD markers within and among species/populations of Camptotheca with three replications for each sample. All the markers were scored by presence vs. absence of a specific amplification.
Sample Preparation: Experimental materials for DNA analyses were randomly collected from each of five plants for each population in Table 1 . Three fully unfolded leaves were collected from each of five plants per population on the same day. The leaf materials collected from the same plant were ground with liquid nitrogen and stored in the freezer at -85°C.
DNA Extraction: Total DNA was isolated from young leaves using the CTAB (hexadecyltrimethylammonium bromide) procedure described by Doyle and Doyle (1990) with modification [30] . 0.5 g of powder per sample was quickly placed into 25 mL of preheated CTAB buffer (60°C) in a 50 mL falcon tube. The remaining leaf materials were returned to the freezer (-70°C) for use in the replication analysis. Each sample was incubated in the CTAB buffer for 1-1.5 hr in a 60°C water bath with occasional mixing. The samples were then stored at room temperature for about 10 min. 25 mL of chloroform/iso-amyl alcohol (24:1 v/v) was added to each sample and mixed well, then evacuated. The mixture was then centrifuged at 100 g for about 10 min at room temperature. The aqueous phase (upper phase) was removed with a 25 mL pipet and placed into a fresh tube. 2/3 volume (14-16 mL) of cold isopropyl alcohol (-20°C) was added and mixed gently to precipitate the DNA in each tube. DNA was recovered by one of two methods: (1) If the DNA was flocculate, the sample was centrifuged at 500 g for 1-2 min or 1,600 g for 10 min and the supernatant decanted; or (2) If the precipitate was not obvious, then the sample was centrifuged at 12,000 g for 30 min and carefully decanted. The supernatant was poured off and the tube was reversed on a paper towel to dry until the smell of isopropanol was gone. 10-20 mL wash buffer was added to each tube, mixed gently and allowed to sit at room temperature for at least 20 min. Each tube was centrifuged at 500 g or 1,600 g for 10 min at room temperature. The supernatant was poured off carefully and the pellet was left in the tube to air dry briefly at room temperature. The pellet was resuspended in 1 mL TE. RNase A was added to a final concentration of 10-100 μg/mL (1-10 μl of 10 mg/mL stock) and the tube was incubated for 30 min at 37°C. Each sample was diluted with 2X volume of TE (2 mL) and then 2.75X volume of 7.5 M ammonium acetate (pH 7.7) (2.3 mL) was added to a final concentration of 2.5 M, followed by the addition of 2.5X volume of cold ethanol (100%) (-20°C) (2.5 mL was added). The DNA was centrifuged at 10,000 g for 10 min or 1,600 g for 30 min in a refrigerated centrifuge (4°C). The air dried sample was resuspended in an appropriate amount of TE (~1 mL) and dispensed into 200 μl aliquots and stored at -20°C. The concentration of template DNA was determined using a UV spectrometer at a wavelength of 260 nm.
Polymerase Chain Reaction Amplification: Twenty primers from two of each Operon kit A and kit B were used.
Forty primers ( Table 2) , ten bases in length, were evaluated for suitability in a pilot survey in which three populations representing different species of Camptotheca were included. These primers were used for the polymerase chain reaction (PCR) based on the protocol of Williams et al., with optimization [16] . Amplification reactions were performed in a volume of 50 μL containing 10 mM Tris-Cl, pH 8.3, 50 mM KCl, 2.25 mM MgCl 2 , 0.001% gelatin, 100 μM each of dATP, dCTP, dGTP, and dTTP, 12 picomoles (resuspended in 1 mL of water, using 0.5 μL per reaction) of a single 10base primer, 50 ng of genomic DNA, and 1.0 unit of Taq DNA polymerase (Promega Corp.). All reactions were overlaid with one drop of mineral oil before amplification in the thermocycler.
Amplification was performed in an Amplitron II (Barnstead I Thermolyne, Dubuque, IA) programmed for preheat 3 min at 94°C, followed by 35 cycles of 1 min at 94°C, 1 min at 34°C, and 1 min and 30 sec at 72°C, followed by 72°C for 5 min. Amplification products were analyzed by electrophoresis in 1.5% agarose gel and detected by staining with ethidium bromide. A control lacking the DNA template was included in each amplification reaction. The products were viewed under ultraviolet light and photographed using Polaroid 665 film. Also Kodak' Digital Science TM 1D Image Analysis Software was used to store the images and to analyze the DNA electrophoresis gels for features including mass, molecular weight, intensity measurements and mobility values.
Nomenclature: Each amplified band was named by the primer used and its size in bp. For example, OPA02-2500 refers to the 2,500 bp band amplified by primer OPA02.
Data Analysis: Photographs from ethidium bromide stained agarose gels were used to score the data for RAPD analysis. Starting from the higher molecular weight product to lower molecular weight product, the amplified fragments were designated as described in the nomenclature section. The presence of a product was identified as 1 and its absence was recognized as 0. In this way, data were scored for all genotypes, their amplification products, and primers. The genetic data obtained was summarized and evaluated using the software package POPGENE [31] .
Within populations, two common estimates of genetic variability were computed for each population and then averaged for cultivars, varieties, and species. These estimates included percentage of polymorphic loci (P), which is defined as P = number of polymorphic loci/total number of loci, and Shannon's (1949) information index (I) for each locus I, which is defined as
where is the phenotypic frequencies, and averaged across loci:
where L is the number of loci.
Total gene diversity (H T ), gene diversity within populations (H S ), gene diversity among populations (D ST ) and the proportion of diversity among populations (G ST , where Nei (1973 Nei ( , 1977 [32, 33] . These statistics were also averaged across all polymorphic loci to obtain species-level and genus-level estimates of genetic diversity.
The number of migrants per generation (Nm) was calculated as the estimate of gene flow from G ST , Nm = 0.5(1-G ST )/ G ST. In other words, the movement of one individual per generation between populations is sufficient to prevent substantial differentiation between those populations. This result, independent of migrants in a population (denoted by m), is counteracted by the force of genetic drift, which is proportional to the inverse of the population size, denoted by N [34] .
Nei's genetic identity (S) and genetic distance (D) were calculated between 25 populations [32] . Nei's genetic distance between populations X and Y is defined as
where J X , J Y , and J XY are the means of x i 2 , y i 2 , and x i y i over all loci studied, respectively. x i and y i are the frequencies of the i th allele in populations X and Y, respectively. Genetic identity is defined as
A dendrogram based on Nei's genetic distance was constructed using the unweighted pair-group arithmetic average (UPGMA) clustering [35] .
RESULTS AND DISCUSSION
Genetic Diversity
Detailed genetic databases are important in the management of endangered species. The level of genetic variation may influence a population's growth rate and ability to adapt to changing environmental conditions [36] .
Primer Selection:
Initially the level of polymorphism detected with RAPD markers was assayed in three populations representing different species of Camptotheca. Of the 40 primers screened in this study, three (OPA02, OPA03, and OPA04) were selected because they all revealed multibanded fingerprints, which were clearly scorable. Following primer selection, the above method with selected primers was used in the DNA amplification of all populations and treatments. The number of polymorphic bands for each primer varied from 12 (OPA03) to 16 (OPA02 and OPA04) bands, with an average of 15 bands per primer. The size of the amplified fragments ranged from 268 bp to 4,411bp ( Table 3) . Genetic Polymorphism: The RAPD amplification products generated can be classified into two types: constant (monomorphic) and variable (polymorphic) [37] . This difference can be used to examine and establish systematic relationships [38] . Bands were defined as polymorphic if the mean fragment frequency was not fixed (i.e., 1 or 0) [39] .
The optimized PCR protocol resulted in highly reproducible banding patterns. A total of 46 strongly amplified and highly reproducible scorable bands were generated using these three selected primers. Among these 46 bands, 44 (95.7%) were polymorphic and two were monomorphic among all the populations tested according to the allelic frequencies. Allelic frequencies of the 44 polymorphic loci are summarized for each variety and species in Appendix B. Allele frequencies for each population can be obtained from the author. Most of the populations studied possessed unique combinations of bands, thereby permitting their identification. It was noteworthy that the first band of primer OPA03 (OPA03-2423) was present in all individuals of the cultivar 'Katie' (KT) but completely absent in the other populations. The 16 th band of primer OPA04 (OPA04-268) was present exclusively in all individuals of the HJ population of C. acuminata. The fifth band of primer OPA03 (OPA03-1460) was absent in all individuals of the cultivar 'Ang' (AG) but present in other Camptotheca populations. These distinctive bands can be used to identify these three populations, respectively.
RAPD profiles resulted from the use primers OPA02, OPA03, and OPA04 (Figs. 2-4) . The polymorphism revealed in Camptotheca populations by amplification of arbitrary primers is extensive. By using the three primers to analyze diversity within each of 13 populations of C. acuminata, nine populations of C. lowreyana, and three populations of C. yunnanensis populations, average estimates of genetic diversity were obtained ( Table 4) , which provide useful information on population structure at most collection sites.
Data on the number and proportion of polymorphic RAPD loci detected with each primer in the C. acuminata, C. lowreyana, and C. yunnanensis populations are shown in Table 5 , with OPA02 and OPA04 detecting the greatest number of scorable polymorphic loci.
The number and proportion of polymorphic loci for each population are also shown in Table 5 . KT and G3 populations exhibited the highest level of variability. In contrast, the G9 population exhibited the lowest level of variability with no primer detecting any polymorphic amplification product.
Plant populations under different environmental selection pressures generally show phenotypic differences. Such phenotypic differences may be the result of phenotypic plasticity and/or genetic diversification existing among populations [40] .
Genetic Diversity
Genetic Diversity of the Genus: To assess the overall distribution of variability between and within all populations gene diversity statistics are calculated [33] for each RAPD locus. Gene diversity statistics were presented in Appendix C1. The partitioning of gene diversity within and among populations is reflected in G ST values [41] . The total observed diversity estimates (H T ) were partitioned into within population diversity (H S ) and between population diversity component (D ST ), where H T = H S + D ST . Gene diversity between populations was expressed relative to total population diversity as G ST = D ST /H T .
The distribution of variability differed among polymorphic loci. Total gene diversity (H T ) ranged from the lowest value in locus OPA04-4411 (0.0084), detecting the least variability, to the highest values in locus OPA04-880 (0.4982), detecting the most variability. Examination of the gene diversity statistics for each locus indicates an extremely high G ST (1.0000) at OPA02-2400, OPA03-2423, OPA03-910, and OPA04-268. There was little heterogeneity among loci in patterns of diversity; almost all were characterized by high G ST values, suggesting that genetic patterns across loci result from general influences in the entire genome.
An examination of the proportion of diversity present within populations (1-G ST ) compared to between populations (G ST ) indicated that, on average, more diversity was detected between populations (84.9%) ( Table 5 ). Most gene diversity is partitioned among rather than within populations, regardless of the differences in absolute levels of diversity ( Table 5) .
Gene diversity statistics corroborate the pattern of low within-population levels of variation despite high levels of total polymorphism ( Table 5 ). Total gene diversity was high, within-population diversity was low, and most of the genetic diversity occurred between populations. The value of G ST obtained for 25 Camptotheca populations was relatively high in relation to other studies [42, 43] using RAPDs. This suggests that at some stage, isolation events have prevented gene flow (Nm = 0.0889) and subsequently, genetic drift has led to considerable population differentiation in Camptotheca.
Species Genetic Diversity:
Two common estimates of genetic variability for populations, varieties, and species are listed in Table 6 . Camptotheca lowreyana was found to have the highest within-species variability (P=63.64 and I=0.2980), following by C. acuminata (P=63.64 and I=0.1753), with C. yunnanensis, the lowest (P=27.27 and I=0.1031). This result is consistent with phenotypic variation analysis. Fig. (2) . RAPD profile of 25 populations of Camptotheca using primer OPA02 (a-f). Lane M on the left is a 100 bp ladder marker and on the right is a 1Kb or 100bp ladder marker.
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Pharmaceutical Crops, 2014, Volume 5 127 Fig. (3) . RAPD profile of 25 populations of Camptotheca using primer OPA03 (a-f). Lane M on the left is a 100 bp ladder marker and on the right is a 1Kb ladder marker. Lane C is a negative control lane without any genomic DNA. The two fragments, OPA03-1100 and OPA03-480, were found in common within all populations (arrows). Fig. (4) . RAPD profile of 25 populations of Camptotheca using primer OPA04 (a-f). Lane M on the left is a 100 bp ladder marker and on the right is a 1Kb ladder marker. Lane C is a negative control lane without any genomic DNA. Polymorphic loci detected with three primers for 13 populations of C. acuminata, nine of C. lowreyana, and three of C. yunnanensis and the total number of polymophic loci scored in all the populations (proportion of polymorphic loci). Notes: HT is total variation in all populations, HS is the average gene diversity found within populations, DST is the average gene diversity among populations, GST, equivalent to DST/HT, is the proportion of total gene diversity due to differences among populations, and Nm is the estimate of gene flow from Gst, Nm = 0.5(1-Gst)/Gst.
For C. lowreyana, the highest genetic diversity is found in its natural variety var. lowreyana (P=59.09 and I=0.2468) ( Table 6 ). This variety also shows greater phenotypic variations among populations. The experimental samples of var. lowreyana represent the different natural populations from Guangdong Province, China. The genetic diversity is much smaller within each cultivar (cultivars 'Hicksii', 'Katie', and 'Ang') because the plants of each cultivar were asexually propagated from their single "parent" plants. The cultivar 'Hicksii' exhibited the lowest diversity (P=2.27 and I=0.0137). C. lowreyana has not only the highest H T value (H T = 0.1914) but also a greater proportion of gene diversity distributed among populations (G ST = 0.7760) ( Table 5 ). Within C. acuminata, var. acuminata exhibited the most variation (P=47.73 and I=0.1392) ( Table 6 ). Because the other variety, var. tenuifolia, has only one population available for analysis, it is not known how representative of the variant it is. The samples of var. acuminata represent only cultivated plants because no wild population has been identified in its native China to date. Some of these introductions can be traced back to the seed source in China. Therefore, it is reasonable the species has low genetic diversity. For var. acuminata, population AB (P=22.73 and I=0.1102) has discernibly more genetic variation. In contrast, the other 12 populations display lower variations (P=2. 27-11.36) . AH, JT, GN, and AT have the lowest variations within C. acuminata because the seeds of each population originated from a single parent tree. Although it has the lowest genetic diversity, C. acuminata has the greatest proportion of gene diversity distributed among populations (G ST = 0.7881) ( Table 5 ).
For C. yunnanensis, the difference among three populations was relatively small. The tested materials of C. yunnanensis represent the only three known populations in China. Camptotheca yunnanensis not only had the lowest H T value (0.0647) but also the lowest proportion of gene diversity distributed among populations (G ST = 0.4523) as compared with C. acuminata and C. lowreyana.
Genetic diversity for all polymorphic loci in each species was estimated. Among polymorphic loci, total genetic diversity (H T ) for C. lowreyana ranged from 0.0518 (OPA04-1650) to the highest values in OPA02-2400 (0.4938) and OPA02-1500 (0.4999).
The G ST values of C. acuminata and C. lowreyana were relatively higher than the mean value for selfing species. Even the Gst value of C. yunnanensis (G ST = 0.4523) approached the mean value (G ST = 0.51) estimated for selfing species [41] . The higher G ST values indicated that, of the total genetic variation, the differences among populations are very significant in each species. The calculated Nm values, ranging from 0.1344 for C. acuminata to 0.6040 for C. yunnanensis, were all less than 1.0, which is commonly taken as the breakpoint below which genetic drift can play a major role in determining the distribution of genetic variation among populational subdivisions [44] .
In this study, the level and structure of genetic variation of C. acuminata and C. lowreyana was described from analysis with RAPD markers. Within-population gene diversity was found to be relatively low compared with other tree species. Population differentiation was found to be higher than other species with similar breeding system. It appeared that fragmentation has caused gene flow to become low enough for factors such as genetic drift and possible inbreeding depression to cause this differentiation. All populations were therefore distinctive genetically and each should be considered as a management unit. Table 7 . The genetic distance scale runs from 0 (identical) to 1 (different for all criteria studied) and a figure of 0.2824 or more differentiates different species. Exceptions exist between C. yunnanensis and C. acuminata (D = 0.1916), and also between C. yunnanensis and C. acuminata var. acuminata (D = 0.1767). Interspecific comparisons indicated that C. yunnanensis was most similar genetically to C. acuminata (D = 0.1916). The highest interspecific identities were Distance values of 0.1973 or less were obtained within each species and variety, the smallest value arising within C. yunnanensis (D = 0.0420), indicating that populations of C. yunnanensis were the most similar genetically. The genetic distance value obtained between varieties of C. acuminata var. acuminata and var. tenuifolia was higher (D = 0.4340) than most species distances. The genetic distance values obtained between varieties and cultivars of C. lowreyana ranged from 0.1684 to 0.2509. Camptotheca lowreyana var. lowreyana was closer to cultivar 'Hicksii' (D = 0.1684) than to cultivars 'Katie' and 'Ang'. In contrast, the greatest distance existed between cultivars 'Katie' and 'Ang' (D = 0.2509).
The ranges of values obtained between species would suggest that, of all the species studied, C. yunnanensis was the closest relative to C. acuminata var. acuminata.
Cluster Analysis: Cluster analysis is a standard method for analyzing the relatedness of individuals (and hence grouping them) from measured data. Cluster analysis has the advantage over some other grouping methods, for example principal component analysis, in that the number of related groups under study does not have to be known, or suspected, in order to carry out the analysis. The main assumption made is that two individuals, or cultivars, which group together at a particular level, share a common ancestor more recently than those that join at a higher level.
Cluster analysis of the genetic distance values was conducted to generate a dendrogram indicating relationships between the Camptotheca populations studied (Fig. 5) . The dendrogram generated was in general agreement with Li's taxonomic treatment of Camptotheca [45] .
All three species formed distinctive groups, although the AH population of C. acuminata var. acuminata was intermixed with C. yunnanensis. Only the G9 population of C. acuminata var. tenuifolia formed a distinct group apart from all the other groups. In all analyses, C. acuminata var. acuminata appeared as the closest relative of C. yunnanensis, followed at some distance by C. lowreyana and, further away, C. acuminata var. tenuifolia.
This result is of significance to Camptotheca breeders currently engaged in the introgression of disease resistances and other useful traits from C. yunnanensis into C. acuminata var. acuminata. Strong interspecific crossing barriers exist between C. lowreyana and C. yunnanensis. This is largely because of the geographical isolation of the two species. This is reflected in the genetic distance between them. Thus, C. lowreyana and C. yunnanensis should be separated as a distinct species. RAPD analysis has some drawbacks, however. The alleles detected are general dominant, meaning that heterozygotes cannot be unambiguously identified during screening. Also, RAPDs will underestimate the amount of genetic variation at some loci because many different alleles can be grouped together in the null class [34] .
CONCLUSION
RAPD markers provide a powerful tool for the identification of some populations (particularly cultivars) and the detection of genetic variation within Camptotheca. The genetic diversity analysis provides a basis for strategy development for both conservation and management of these endangered anticancer trees. Three primers (OPA02, OPA03, and OPA04), generating 44 polymorphic bands, were able to discriminate among 25 Camptotheca populations. The band size varied from 268-4,411bp, with an average of 15 bands/primer. Of these populations, three can be distinguished by their unique bands, respectively: Cultivar 'Katie' (KT) (presence of OPA03-2423), the HJ population of C. acuminata (presence of OPA04-268), and cultivar 'Ang' (AG) (absence of OPA03-1460).
Camptotheca has relatively low gene diversity within population compared with other tree species. Population differentiation of Camptotheca was found to be higher than in other species with similar breeding systems. It appears that fragmentation has caused gene flow to become low enough for factors such as genetic drift and possible inbreeding depression to cause this differentiation. All populations were therefore distinctive genetically and each should be considered as a management unit. The high level of genetic structure among populations indicates differentiation due to founder events and/or genetic drift coupled with limited migration. Therefore, a conservation approach to conserving these populations is recommended.
Cluster analysis of the genetic distance values and a dendrogram generated from the RAPD markers are consistent with the phenotypic data and both support the current taxonomic treatment of Camptotheca [45] . Camptotheca acuminata var. acuminata appeared as the closest relative of C. yunnanensis, followed at some distance by C. lowreyana and, further away, C. acuminata var. tenuifolia. Strong interspecific crossing barriers exist between C. lowreyana and C. yunnanensis due to geographical isolation.
The CPT data of Camptotheca are consistent with the phenotypic and genetic variation analysis. The results show that CPT variation in Camptotheca is mainly determined genetically under the same undisturbed growth conditions. Variation in leaf CPT content of Camptotheca is greater among species than within species. Although it has been widely planted in southern China and many other locations in the world, C. acuminata has relatively low CPT contents and less variation among populations. Considering both low genetic diversity and low CPT yield, the species is not the optimum candidate for plantation development for CPT production. In contract, C. lowreyana should be considered as a management target in both CPT production and germplasm conservation because the species not only has higher genetic diversity but also has higher CPT concentrations than the other taxa.
